Thank you for submitting your manuscript for consideration by the EMBO Journal. It has now been seen by three referees whose comments are enclosed. As you will see, all three referees show significant interest in both the technical and conceptual advances made in your manuscript, and are broadly supportive of publication. However, the reviewers (particularly #3) raise a number of concerns that would need to be addressed in a revised version of your manuscript before we can consider publication. I would also like to draw your attention to the comments of referee 1 regarding discrepancies between your results and published cellular studies; it would be important to resolve or account for these differences.
In the light of the referees' positive recommendations, I would therefore like to invite you to submit a revised version of the manuscript, addressing all the comments of all three reviewers. I should add that it is EMBO Journal policy to allow only a single round of revision. Acceptance of your manuscript will thus depend on the completeness of your responses included in the next, final version of the manuscript.
Thank you for the opportunity to consider your work for publication. I look forward to your revision.
with one key exception. The authors' work here clearly points to a model in which Sec13-Sec31 acts to cluster pre-budding complexes. Membrane curvature is evident in the absence of functional coupling of Sec13-31 to the pre-budding complex. While this is clearly supported by some other studies, recent in vivo data suggest that this might not be the case. In cells from patients with craniolenticulo sutural dysplasia harbouring a mutation in Sec23A that in vitro results in inefficient coupling to Sec13-31 binding, budding profiles can still be seen on the ER. Similar findings are seen in cells where Sec13-31 is depleted in gene knockdown experiments. These findings would suggest that the pre-budding complex is capable of driving membrane deformation, probably through clustering of Sar1-GTP. The authors should at least explore this in detail in the discussion -my own interpretation would be that a single cargo, in vitro, is incapable of driving such deformation. Further possibilities would include the absence in the current study of other factors that modulate COPII-dependent budding. While this is a significant point, I find the paper interesting and the data compelling.
One minor point -a distinction between the upper and lower half of Figure 1A needs to be made (simply a white section inserted) as at present this could be seen as confusing.
Referee #3 (Remarks to the Author):
In this manuscript Tabata et al describe quantitative, real-time imaging approaches to monitor assembly of single molecules of cargo into COPII cargo complexes. The approach provides new and significant insights into the COPII cargo concentration process indicating that cargo-complexes dimerize and then are assembled into coat-cargo clusters. Moreover they observe that COPII vesicle budding can be reconstituted in the presence of hydrolyzable GTP using synthetic membranes containing Sec12 and cargo. Overall these results are quite compelling and I have only a couple of minor comments.
1. In Figure 1F , they observe that addition of Sec13/31 to the system does not shift the distribution to complexes containing more than two Bet1p-Cy3 molecules (in fact there may be modest decrease). Even if this system cannot support membrane curvature, it is not clear why addition of Sec13/31 does not shift a population of cargo complexes into higher order clusters. There is some consideration of this point but it would be helpful to provide better alternative explanations for this result.
2. This may be an issue of semantics, but I am not sure I agree with the term "active exclusion." In my mind this would mean that COPII proteins actively repel or push non-cargo proteins away from cargo concentration zones. Instead it seems that by concentrating cargo proteins into a COPII scaffold then non-cargo are passively excluded from this scaffold because they cannot occupy identical space at an identical time in the membrane. I suggest they not use the term active exclusion but simply refer to it as exclusion in appropriate sections of the manuscript. If it is necessary to use the term active exclusion then they should provide a more precise definition of the term.
Referee #4 (Remarks to the Author):
This study is probably the first attempt to follow at the single molecule level, the behavior of membrane cargo molecules during their capture by a protein coat (COPII). This is a very challenging topic both technically and conceptually. Technically this requires accurate optical techniques to follow in time and in space the fate of a membrane protein: how does it diffuse? is it possible to distinguish sequential steps, from cargo clustering to vesicle budding (e.g. through the use of TIRF microscopy)? Conceptually, one major problem with protein coats is that they are polymeric structures: one has to understand the collective behavior of about hundreds of molecules on a surface of less than 0.1 µm in diameter.
Overall I think that this very original study fits well with an widely read journal such as EMBO J. However as detailed below I have several concerns and questions. In part this probably reflects the fact that I am not familiar with the techniques used here. I recommend a first round of revisions to clarify these points.
It would be informative to compare the concentration of protein and lipids in these experiments with those that are used in classical assays using liposomes and COPII proteins. From the values given by the authors (protein amounts, size of the hole...), I have estimated that all experiments were performed at a much lower molar concentration (about 10 nM of each COPII component and 10 pM lipids).
In figure 1 , and as stated in the text, Sar1p and Sec23/24 are used in molar excess over Bet1. Therefore the COPII components could have a strong impact on the behavior of Bet1 (diffusion, dimerization...). The effect observed is actually quite weak: 16 % of Bet1 behave as dimers upon addition of Sar1 with Sec23/24. What is really confusing to me is the reverse experiment shown in Fig. S1 . Here, fluorescently labeled Sar1 was used at the same amount (70 ng) as in the previous experiment (Fig.1) . Therefore I assume that Sar1p-Cy3 is in excess over Bet1. Yet there is a shift in the fluorescence intensity distribution of Sar1p, which is of the same amplitude (13 %) as that observed when the experiment is performed with Bet1-Cy3. The relative stoechiometry of Sar vs Bet1 is not in favor of such an effect.
Would it be possible to perform experiments similar to that shown in Fig. 1 using a mix between Bet-Cy3 at low concentration to follow single molecule events (0.28 mcs/µm2) and an excess of unlabeled Bet1 (up to 100 mcs / µm2) to provide enough cargo molecules for the stability of the COPII lattice? Under these conditions, one may more easily observe an effect of Sec13/31 (e.g. fig.  1F ). Increasing the concentration of unlabeled Bet1p vs Bet1-Cy may be very informative and should lead to something similar to what is seen in Fig. 3 where the total concentration of Bet1-Cy3 was increased.
The stoechiometry issue between Bet1 and the other COPII components may explain why Bet1 clustering is more easily seen when Bet1 is used at a much higher surface concentration. Thus in Figure 2 , the authors use Bet1-Cy3 at 96 mcs/µm2 compared to 0.28 mcs/µm2. This 300-fold increase in surface concentration of cargo may be favorable for COPII assembly under steady state conditions (when GTP hydrolysis can proceed). However this is not commented in the text: the authors simply mentioned that they displaced the bilayer from the bottom of the chamber to facilitate membrane deformation and COPII assembly.
In figure 2 A, the authors should show control experiments (e.g. without Sec13/31, without Sec23/24, with GDP, with GppNp)
In figure 2B I do not understand why the authors normalize the signal to its initial value: this value should be very noisy since initially no vesicle should be seen in the evanescent field. What are the raw data without this normalization?
In Figure 3 B, it is impossible to see the distributions: the scale is not the same and the labels are not always visible. Moreover Bet1p is expressed in molar concentration and therefore it is not possible to compare this amount with the surface density used as an index in previous experiments.
In Figure 4 , the authors should have performed an experiment with unlabeled Bet1 mixed with Ufe1-ATO647N: under these conditions they might observe black zones from which Ufe1 is excluded. In addition, the use of Sar1-Cy3 should permit to visualize the area of COPII coating.
Decane bilayer: How do the authors measure the bilayer thickness? If the membrane is that thick (13.6 nm), how could it accommodate the transmembrane region of Sec12 and Bet1 since the thickness of natural membranes is about 5 nm.
The authors claim that Barlowe et al (Cell 1994) showed a similar efficiency of packaging of cargo proteins in incubations performed with GTP and GMP-PNP. No, see Fig 2 of this paper: Budding is more efficient (requires less COPII proteins) with GTP vs GMP-PNP. But I agree with the following comment "it is possible that GTP generates a small number of vesicles but with high cargo density... I don't understand why the authors need annexin and 2 mM CaCl2 for some image analysis (see methods). I guess that they want to somehow freeze the membrane ?
The authors claim at the beginning of the discussion "We described here the use of single-molecule microscopy combined with an artificial planar lipid bilayer to observe the dynamics of cargo molecules during transport vesicle formation." it seems to me that only figure 1 corresponds to single-molecule microscopy. -a distinction between the upper and lower half of Figure 1A needs to be made (simply a white section inserted) as at present this could be seen as confusing.
[Authors' response]: In response to the minor point raised, we have modified Figure 1A as suggested.
Responses to Reviewer#3
In Figure 1F, Figure 1F . We provide an additional explanation for this in page 9, lines 1-6. [Authors' response]: We agree that the term "active exclusion" was not appropriate, and "active exclusion" in the manuscript has been replaced by "exclusion".
Responses to Reviewer#4

It would be informative to compare the concentration of protein and lipids in these experiments with those that are used in classical assays using liposomes and COPII proteins. From the values given by the authors (protein amounts, size of the hole...), I have estimated that all experiments were performed at a much lower molar concentration (about 10 nM of each COPII component and 10 pM lipids).
[Authors' response]: Responding to reviewer's suggestion, we have added information needed to compare the concentration of protein and lipids in our experiments with those that are used in classical assays using proteoliposomes (in page 20, lines 4-9).
In figure 1, and Figure S1 is too high to account for the observed distributions. The concentrations of the proteins indicated in the figure legend were somehow incorrect. We have corrected them in the revised manuscript. We are grateful for this indication.
Would it be possible to perform experiments similar to that shown in Fig. 1 using a Fig. 3 where the total concentration of Bet1-Cy3 was increased.
[Authors' response]: The reviewer suggested to conduct experiments analogous to the one described in Fig. 1 , using a mix between Bet1p-Cy3 and an excess of unlabeled Bet1p. However, increasing the concentration of unlabeled Bet1p vs Bet1p-Cy3 is expected to decrease the incorporation of labeled Bet1p (Bet1p-Cy3) into the forming vesicle. Under such condition, the stability of the COPII lattice may increase as the total concentration of Bet1p increases, but the effect of Sec13/31p on cargo concentration is not quantitatively measurable as a fluorescent signal. Furthermore, since we visually determined the Bet1p-Cy3 concentration by counting the number of fluorescent spots per area, it is difficult to determine the concentration of unlabeled Bet1p incorporated into the membrane. Therefore, it is also difficult to reliably determine the ratio of unlabeled Bet1p to Bet1p-Cy3 present in the membrane. However, we would like to try this experiment in the future if these technical problems are overcome. Figure 2, The reviewer suggested to include a comment regarding the stoichiometry between Bet1p and the other COPII components in Figure 2 . The reason why we increased the concentration of Bet1p in the case of downward vesicle budding is to increase the effective concentration of Bet1p in the membrane, because only ~10% of the N-terminal elements of the reconstituted Bet1p (where COPII coat binds) were oriented toward the coverslip. It may also increase the efficiency of COPII assembly as suggested by the reviewer. We have added these explanations in the revised manuscript (in page 9, bottom).
The stoechiometry issue between Bet1 and the other COPII components may explain why Bet1 clustering is more easily seen when Bet1 is used at a much higher surface concentration. Thus in
In figure 2 A, the authors should show control experiments (e.g. without Sec13/31, without Sec23/24, with GDP, with GppNp) [Authors' response]: Responding to reviewer's suggestion to show control experiments in Fig. 2A , we have added data (with GDP) to new Fig. 2A .
In figure 2B I Fig. 2B , we subtracted the background noise mainly originating from spurious fluorescence of impurities in the buffer or on the coverslip. The amount of these impurities present in the reaction mixture varies considerably from measurement to measurement and normalization is needed to estimate accurate values from the raw data.
In Figure 3 B Fig. 3B . Moreover, the concentration of Bet1p has been changed to be expressed as the surface density.
In Figure 4 , the authors should have performed an experiment with unlabeled Bet1 mixed with Ufe1-ATO647N: under these conditions they might observe black zones from which Ufe1 is excluded.
[Authors' response]: The reviewer suggested to perform an experiment analogous to the one described in Fig. 4 with unlabeled Bet1p mixed with fluorescently labeled Ufe1p. As shown in the Supplementary Figure S3 and described on page 15, lines 16-22, we have added the data using unlabeled Bet1p and Ufe1p-Cy3. Indeed, the addition of the COPII components yielded large clusters observed as dark contrasting regions that were relatively devoid of fluorescent signals compared to the background.
In addition, the use of Sar1-Cy3 should permit to visualize the area of COPII coating.
[Authors' response]: The reviewer suggested to also perform an experiment with Sar1p-Cy3. We eagerly want to see the dynamics of Sar1p-Cy3. However, visualization of Sar1p-Cy3 at the concentration required for COPII and cargo assembly was difficult because of the high background fluorescence noise from the high concentration of membrane-unbound free Sar1p-Cy3 in the solution. We need more time to make a possible experimental design to observe Sar1p dynamics, and we would like to include this topic in future research. Thank you for all your kind help with our manuscript EMBOJ-2009-71538R. Please find attached the modified version of the text as a Word .doc file. We are happy to hear that it will be considered for publication after additional revision.
Regarding the normalization of the data in Figure 2C , our mean "background noise" is "background fluorescent particles that originate from pre-existing impurities in the buffer and on the coverslip", and these background counts at time zero were subtracted from each data point. To avoid confusion, the term "fluorescent signals" in the legend for Figure 2C has been replaced by "fluorescent particles".
Responding to reviewer's suggestion, we have added a description regarding the Y-axis label of the Figure 2C in the materials and methods section (in page27, lines 3-5).
In response to the minor point raised, we have removed the term "active" from abstract and page15, line 15. We have also added precise information on the experimental procedures to the legend in Figures 3 and 4 .
We hope that the revised manuscript is now acceptable for publication in The EMBO Journal.
Thank you again for your assessment and help.
